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The effect the seaweed concentrate Kelpak on the uptake of foliar-applied Cu, Mn and Zn by tomato seedlings 
grown with and without added macronutrients was investigated. Kelpak had little effect on the uptake of Cu 
and Mn, but significantly stimulated Zn uptake in plants receiving no macronutrients. However, Kelpak did not 
increase Zn uptake in plants receiving macronutrients. Results suggested that seaweed concentrates are 
unlikely to be useful in promoting the uptake of foliar-applied trace elements in tomatoes grown under normal 
commercial conditions. 
Die effek wat die seewierkonsentraat Kelpak op die opname van koper, mangaan en sink deur die blare van 
tamatie-saailinge, wat groei met of sonder byvoeging van makrovoedingstowwe, is ondersoek. Kelpak het min 
effek op die opname van koper en mangaan gehad, maar die opname van sink word betekenisvol gestimuleer 
in die plante waarby geen makrovoedingstowwe gevoeg is nie. Kelpak het egter nie die opname van sink 
verhoog by die plante wat wei makrovoedingstowwe ontvang het nie. Die resultate toon dus dat die seewier-
konsentraat heelwaarskynlik nie die opname van vaatstringelemente aanhelp waar tamaties onder normale of 
kommersiele toestande groei nie. 
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Introduction 
It is common agricultural practice to use foliar fertilizers 
to improve the yield of a wide variety of crops (Chamel 
1986, 1989; Kannan 1986; Marschner 1986; Neumann 
1989) . Foliar application of trace elements is often 
particularly beneficial , as these elements tend to be 
rather immobile in the soil (Tisdale et al. 1985) . The 
cuticle is the main barrier to nutrient uptake by leaves . 
Nutrients probably cross the cuticle by diffusion , and 
then enter the symplast of the epidermal cells by active 
uptake or facilitated diffusion . 
It is clearly desirable to optimize the efficiency of the 
uptake of foliar-applied nutrients to minimize the 
quantities of elements used and the frequency of 
spraying. Many factors affect uptake efficiency, for 
example cuticle thickness , the presence of water-
repellent waxes on the surface of the cuticle , leaf 
nutrient status and the speed of droplet drying 
(Neumann 1989) . The chemical form of an element also 
determines uptake efficiency. Theoretically , uncharged 
chela ted chemical species could diffuse faster than ionic 
species that may become tightly bound to the cuticle and 
cell wall exchange sites. Shafer & Reed (1986) showed 
an inverse relationship between the uptake rate of K 
chelates and chelate polarity. However , Kannan (1969) 
showed that the rate of diffusion across the cuticle 
decreases as molecular weight increases. This is 
presumably because of physical limitations caused by the 
size of the diffusion channels. As a result, whether a 
plant takes up nutrients better in an ionic rather than a 
chelated form will depend firstly on the binding affinities 
of the exchange sites for the nutrient and secondly the 
pore sizes of the diffusion channels in the cuticle . As the 
properties of the cuticle vary between species, it is not 
surprising that conflicting reports exist in the literature ' 
on the relative uptake efficiencies of chelated and ionic 
species. For example , Ferrandon & Chamel (1988) 
found that peas took up Fe supplied as FeS04 much 
faster than FeEDTA, while Basiouny & Biggs (1976) 
showed the reverse for Citrus . 
Based on field observations, Kelp Products (Pty) Ltd , 
Cape Town suggested that 'Kelpak ', a liquid seaweed 
concentrate obtained from the brown alga Ecklonia 
maxima (Osbeck) Papenfuss , appeared to promote the 
uptake of foli ar-applied trace elements. Possibly , the 
organic molecules present in seaweed concentrates e .g. 
organic acids and methionine can chelate trace elements 
(Lynn 1972) . In addition, the gel-forming properties of 
the algi nates present in Kelpak may reduce the drying 
rate of droplets on the leaf surface , thus increasing the 
time available for uptake. The aim of the present 
investigation was to test the ability of Kelpak to promote 
the uptake of foliar-applied trace elements in tomato 
seedlings grown under conditions likely to cause 
micronutrient deficiency. Plants were grown in bark 
compost, a potting medium often used for tomatoes, 
which contains low concentrations of available trace 
elements . Plants were grown with and without added 
macronutrients . Macronutrients were predicted to 
stimulate growth and thus increase trace element stress . 
Materials and Methods 
Growth of plants 
Tomato seedlings (Lycopersicon esculentum L, cv. 
390 
Karino) were germinated and grown until the plumule 
was c. 1 cm long then planted in bark compost , three 
plants per 450-cm2 plastic pot. Plants were grown in a 
glass house in which natural lighting was supplemented 
by fluorescent tubes and ordinary incandescent light 
bulbs on a 16-h day. The mean minimum and maximum 
daily temperatures were 8.0°C and 26.2°C. Each 
treatment comprised eight pots arranged in a random-
ized block design. 
Watering was with 50 ml of tap water C- MacroN' 
plants) or 50 ml of Hoagland's nutrient solution omitting 
micronutrients (' + MacroN' plants) twice a week. The 
concentrations of elements in the Hoagland 's nutrient 
solutions were as follows: N, 15 mM; P, 1.0 mM ; K, 6.0 
mM; Ca, 5.0 mM; Mg, 2.0 mM and S, 2.0 mM. The pH 
of the nutrient solution was adjusted to 5.6 before 
application. 
Seaweed concentrate 
The seaweed extract used in this study was 'Kelpak '. 
Kelpak is manufactured by Kelp Products (Pty) Ltd. , 
Cape Town , Republic of South Africa from the stipes of 
the brown alga Ecklonia maxima (Osbeck), Papenfuss 
using a cell burst process . This process does not involve 
the use of heat, chemicals or dehydration that could 
affect some of the organic components of the concen-
trate (Featonby-Smith 1984) . The Kelpak used in this 
study contained 61 ng ml-I Cu, 44 ng ml- I Mn and 302 ng 
ml- I Zn in the undiluted concentrate. 
Trace element mixture 
The trace element mixture used in this study was 
'Trelmix' . Trelmix is manufactured by the McKendal 
Group, Howick, Republic of South Africa and contains 
B (1.26 mg ml-1), Cu (3.78 mg ml-I ), Fe (19.9 mg ml- I , 
supplied as Ferrorexanol) , Mg (0 .36 mg ml- I ) , Mn (3 .85 
mg ml- I ), Mo (0.40 mg ml- I ) and Zn (1.82 mg ml- I ) . 
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Kelpak and Trelmix applications 
Plants received a foliar spray of distilled water, 1% or 
5% Kelpak with or without 0.1 % Trelmix, 22 , 30 and 37 
days after planting. Plants were sprayed to run-off (10 ml 
of solution per pot in the first two treatments and 20 ml 
per pot in the third). The pH of all solutions was 
adjusted to 5.6 before spraying . All solutions contained 
the wetting agent 0.1 % Tween 20 . The concentration of 
Trelmix used was determined by preliminary trials to be 
the maximum dose that did not burn the leaves. The 
total quantities of Cu , Mn and Zn sprayed per pot were, 
respectively , 151, 154 and 72 fLg from the Trelmix , 24, 
18 and 121 ng from the 1 % Kelpak and 122 , 88 and 604 
ng from the 5% Kelpak. 
Harvesting 
The shoots of the plants were harvested on day 43 of the 
experiment and washed to remove nutrients bound to 
the leaf surface following the recommendations of 
Arkley et al. (1960) and Sonneveld & van Dijk (1982). 
The shoots of the plants were washed in 0.1 % Tween 20 
for 30 sec , distilled water for 15 sec , 0.1 M HCI for 30 sec 
and again in distilled water for ]5 sec. 
Plants were separated into leaves and stems, weighed, 
and the surface area of the leaves measured using a Li 
Cor 3100 area meter. Plants were then dried at 80°C to 
constant mass and re-weighed. 
Cation analysis 
The shoots of all three plants from one pot were ground 
with a pestle and mortar and c. 50 mg digested in 
'Aristar' HN03 . Determination of Cu , Mn and Zn was 
by atomic absorption spectrophotometry with back-
ground correction in an air/acetylene flame. 
Results and Discussion 
Macronutrients significantly increased the dry weight of 
the tomato seedlings (Figure 1a) . The trace elemen t 
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Figure 1 The effect of macronutrients (single strength Hoagland's nutrient solution without micronutrients) , Trelmix trace 
element solution and Kelpak on the growth of tomato seedlings. a. Shoot dry weight. b. Leaf surface area . - Trace = no trelmix, 
+ Trace = 0.1 % trelmix. Bars with the same letter on top are not significantly different using Duncan's multiple range test 
(P>0 .05). 
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supplement Trelmix did not increase plant growth. The 
concentrations of eu, Mn and Zn in the shoots of the 
plants sprayed with distilled water were 'marginal' but 
not 'critical' (Reuther & Robinson 1986). This suggests 
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that these elements did not limit growth . Trelmix 
significantly reduced the dry weight of the + MacroN 
plants (Figure 1a) . Trelmix slightly burnt the leaves of 
these plants. Kelpak reduced the extent of burning and 
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Figure 2 The effect of macronutrients (single strength Hoagland's nutrient solution without micronutrients) , Trelmix trace 
element solution and Kelpak on the concentrations and amounts of Cu , Mn and Zn in tomato seedlings. a. Cu concentration of 
shoot. b. Amount of Cu. c. Mn concentration of shoot. d . Amount of Mn . e. Zn concentration of shoot. f. Amount of Zn . - Trace 
= no trelmix, + Trace = 0.1 % trelmix. Bars with the same letter on top are not significantly different using Duncan 's multiple 
range test (P>0.05) . 
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Table 1 The effect of macronutrients on the leaf water 
content and leaf weight per unit surface area in tomato 
seedlings grown in bark compost. Figures are given ± 
95% confidence limits 
- Macronutrients 
+ Macronutrients 
Leaf water content 
(%) 
94.08 ± 0.28 
94.88 ± 0.20 
Leaf dry weight per 
unit surface area 
(mg cm-2) 
1.648 ± 0.080 
1.507 ± 0.052 
reversed the growth inhibition , although the reversal was 
not significant (Figure 1a). Uriu & Koch (1964) showed 
that it is possible to apply much higher concentrations of 
chelated rather than ionic Mn and Zn to apple trees 
without causing burning. Possibly Kelpak reduced leaf 
burn by chelating the trace elements in Trelmix. Results 
for leaf surface area displayed similar trends (Figure 1b). 
Kelpak had little effect on the uptake of eu from the 
Trelmix by the plants (Figure 2a, b). Kelpak actually 
tended to reduce the eu concentration of the seedlings 
(Figure 2a), but not the actual amount of eu in the 
plants (Figure 2b). This suggests that the small increase 
in growth caused by the Kelpak (Figure 1a) diluted the 
eu in the plants. The concentrations and amounts of Mn 
in the plants tended to be rather variable, but Kelpak 
had no obvious effect on Mn uptake from Trelmix 
(Figure 2c, d). 
Kelpak greatly increased Zn uptake from Trelmix in 
the - MacroN plants (Figure 2e, f). Kelpak may have 
chelated the Zn in the Trelmix and thus promoted 
uptake. However , Kelpak did not increase Zn uptake in 
the + MacroN plants . Treatment with macronutrients 
significantly increased the leaf water content and 
reduced leaf dry weight per unit surface area (Table 1). 
This suggests that the + MacroN plants had thinner, 
more succulent leaves, which may explain their greater 
susceptibility to burning. As discussed in the 
Introduction , whether plants take up chelated trace 
elements more or less readily than unchelated species 
may depend on the properties of the cuticle . It is highly 
likely that the cuticles of the + MacroN plants were 
thinner than those of the - MacroN plants and possibly 
had a different chemical composition. Differences in the 
cuticle may explain why Kelpak promoted Zn uptake in 
the - MacroN but not the + MacroN plants . 
The main conclusion of the present study was that 
under conditions of low macronutrient supply Kelpak 
can promote the uptake of foliar-applied Zn. However, 
as it is unlikely that tomato seedlings will be grown 
commercially without added macronutrients , the 
addition of Kelpak to promote trace element uptake 
cannot be recommended . Results presented here clearly 
show the need to use plants grown under a variety of 
S. -Afr.Tydskr. Plantk. , 1990, 56(3) 
conditions when assessing the potential of substances 
which may enhance trace element uptake. 
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